apart from the unpredictable appearance of another genius such as Lister. We can import into our surgical laboratories the appropriate scientist. If he is simply seconded from his own stamping-ground for a specific reason and a specific period, this works well. If not, he is generally not in the first flight; and segregation from his own kind, who speak his own language, ensures that he never gains the first flight. The research in consequence is often second rate, and "suspect". In the great teaching places, the proximity of great scientific departments and distinguished scientists makes isolation not only unnecessary but wrong. The young surgeon with an impulse for scientific investigation can learn much from attachment to such departments; and it is necessary for the progress of surgery that some of our surgeons should be so trained. It is unlikely that these will acquire the clinical experience or the operative facility of their contemporaries; but to them will fall the privilege of interpreting the discoveries of the basic sciences in a clinical context, and of translating them into clinical practice.
To a few may come the opportunity of high personal contribution, with all the intellectual satisfaction that derives from it. The value of these surgical scientists is no less than that of the distinguished clinician or the most accomplished surgical craftsman, and, in the surgical scheme of things, no more. In the past we have generally left them to find their recompense in the interest and the value of their research; in a more enlightened day their reward should be no less material and no less substantial than that of their colleagues who derive equal satisfaction from the ward and the theatre.
And so I come to the end of this rapid glance at some of the problems of contemporary surgical practice and thought. What meets the eye is heartening. We live in a great ageperhaps the most momentous so far in the long story of mankind-a great age in which nothing is static for long. But both as an art and a science, surgery is more than holding its own, while yet remaining constant to its chief privilege and its principal charge-the loyal service of mankind in affliction. (March 7, 1956] DISCUSSION ON SURGICAL ASPECTS OF DISORDERED CALCIUM METABOLISM Dr. C. E. Dent: General Aspects of Calcium and Phosphorus Metabolism with Especial Reference to Surgical Problems Before dealing with a few of the more surgical aspects it is necessary to describe very briefly some general considerations of calcium and phosphorus metabolism. I propose to try to work out the possible reasons whereby there may be changes in plasma calcium and phosphorus levels, these being the only measurements that it is possible to do frequently.
In the case of the plasma (or serum) calcium level, it is helpful to appreciate that this is maintained in normal circumstances at between 9-11 mg./100 ml. Only slight deviations from the normal range are tolerated and if they occur they may produce severe symptoms and disease. This accurate maintenance occurs in spite of a very rapid dynamic equilibrium between the relatively small amounts of calcium in extracellular fluids and the very much larger quantities in bone. I have tried to summarize the situation in Fig. 1 , where arrows indicate the factors simultaneously operating which tend to raise or lower the plasma calcium level and which are normally very cleverly balanced. Note that the daily net absorption of calcium from the food is only comparatively small-about 150 mg. in adultsand that if no bone growth is taking place while plasma levels are maintained this same quantity must be lost in the urine. Because these quantities are small compared with the quantities of calcium in extracellular fluid and even more in bone, it is obvious that very acute changes in plasma calcium level cannot be brought about by acute changes in either of these factors but must indicate a disturbance of the equilibrium between the plasma level and bone. This is the first basic fact to appreciate. There is an exception to this rule which is of limited importance, so it is shown as a dotted arrow in Fig. 1 . This relates to the rapid onset of marked uncompensated calcium loss in the milk at the beginning of lactation. In domestic animals, such as cows, this may be severe enough to produce tetany-the so-called "milk fever". A further fairly acute drain on the calcium reserves in bone occurs in the rapid phase of antler growth of stags. On the other hand, however, more chronic changes of calcium level can indeed be induced by long-term changes in any or all of these factors.
The next point is that any such chronic disturbance of plasma calcium level needs to be further studied with the view to determining where the disorder of equilibrium has occurred. The urinary output is readily determined and should be measured more often than usual. On the other hand, absorption of calcium from the food is difficult to measure since it requires analyses of diet, as well as of stools, which need to be carried out for about two weeks or so if they are to have any meaning. However, if this is also done then we can determine indirectly the very important equilibrium between plasma calcium and bone calcium since a gross change of this in either direction is the calcium balance-namely the difference between total dietary intake and total excretion in urine and stools. Our rule here is a very simple one-"What goes in must stay in or come out". This balance measurement can be made very accurate, and it tells us just what is happening to the patient's bones at 716 k A I 0 that time. This is because of the fortunate fact that nearly all the body calcium is present in the bones, only negligible quantities being in the soft tissues or extracellular fluids.
There is no time to deal in detail with the various factors which can and do exert a continuous influence on calcium metabolism and transport. In Table 1, however, many of these   are summarized.   TABLE I.-FACTORS WHICH INFLUENCE THE DYNAMIC EQUILIBRIUM OF CALCIUM IN THE BODY (Capital letters refer to arrows shown in Fig. 1) (1) Equilibrium A+B is moved over to the right, i.e. more calcium moves grossly from the gut to raise the plasma calcium level, bya. high calcium intake. b. acidity of gut contents. c. large doses of vitamin D (this action is antagonized by cortisone). d. small doses of vitamin D in certain individuals who are over-sensitive to it (this action is antagonized by cortisone). e. the presence of peptides in the gut (from dietary protein). f. youth.
(2) Equilibrium A+B is moved in the direction of less supply of calcium from the gut to the blood stream bya. low calcium intake. shift of a dynamic equilibrium in a particular direction can always be explained in either or both of two ways, namely because of an increased movement in that direction, or because of a decreased movement away from it. Consideration of the particular factor involved has been avoided because of its complexity.
With regard to the question of phosphorus metabolism, this is in some ways similar to calcium: for instance the two are both directly concerned with the formation of bone salt. However, the main features concerned in maintaining plasma levels require in the case of inorganic phosphate to be quite differently stressed. They will be dealt with more briefly since the clinical applications are not so great as in the case of calcium. The main difference in the case of phosphorus is that only about half of the total body store is present in the skeleton; the rest comprises a mixture of complicated but most important tissue phosphate esters and other compounds. Hence a change in phosphorus balance cannot be interpreted, as in the case of calcium, as being necessarily due to a change in the amount of bone present in the body. Another difference is that acute changes at least, in plasma phosphorus levels over a wide range (e.g. 05-16 mg./100 ml.) do not appear to produce in themselves any symptoms or disease. Also the main problem with calcium metabolism-namely poor absorption from the gut with a continuous threat of calcium deficiency-does not occur in the case of phosphorus since the supply and absorption is nearly always far in excess of requirement, the extra phosphorus being thrown away by excretion into the urine. Hence the problems of phosphorus metabolism and transport are better summarized in a very different form of diagram. This has been attempted in Fig. 2 . The representation by means of a funnel and an overflowing tank is intended to suggest the large supply of extra phosphorus which is normally discarded, and the fact that if this supply is turned off the mechanism for retaining phosphorus is good. In other words, the kidney has a fairly sharp threshold for it and the plasma levels do not change greatly with varying intake. Chronic changes in plasma level of phosphate therefore mainly reflect changes in renal function rather than changes in supply. However, acute changes may also occur owing to a sudden disturbance of equilibrium between the large body store of phosphorus and the relatively small extracellular stores. These various factors mean that the plasma phosphate level is much more variable than the calcium level and that small changes in phosphate are not so significant unless the conditions for taking blood have been carefully standardized. A summary of the commoner clinical conditions associated with altered levels of plasma phosphorus levels is shown in Table II . (1) Acute rise can result from sudden liberation of phosphorus from body stores into the extracellular fluid: for instance, in starvation or surgical shock.
(2) Acute fall can result from a sudden removal of P from extracellular to intracellular compartments of the body: for instance, as the result of the increased metabolism after a heavy carbohydrate meal, or increased metabolism due to an attack of fever.
(3) Acute changes in either direction may occur for mysterious reasons in a rhythmic fashion throughout the twenty-four hours.
(4) Chronic rise in plasma P can result from raised renal threshold due toa. hypoparathyroidism. b. excessive growth hormone activity as in infancy and acromegaly. c. severe renal-glomerular failure (this is mainly due to the fall in GFR). (5) Chronic fall in plasma P can result from lowered renal threshold due toa. hyperparathyroidism. b. vitamin D deficiency. c. the various hereditary (and more rarely acquired) forms of rickets and osteomalacia which mimic some features of vitamin D deficiency. d. steatorrheea. e. rare forms of renal failure which involve renal-tubular rather than renal-glomerular dysfunction. N.B.-When renal function is normal, ordinary changes of the P content of the diet do not have much effect on plasma P levels.
I shall now review a few clinical situations which concern disorders of calcium and phosphorus metabolism. Even if one is limiting oneself mainly to surgical matters it would be possible to spend quite a long time on any single detail. For instance, the problem of calcium absorption from the gut is of very great importance in matters concerning smallgut resection and gastrectomy. This problem has been insufficiently studied. It seems in some cases as if a condition indistinguishable from idiopathic steatorrheea ensues with the corresponding bone disease, osteomalacia. Mr. Pyrah has shown me his own records of a case where osteomalacia appears to have followed steatorrhcea after partial gastrectomy.
In other cases of ours, however, osteoporosis seems to be the result. Osteomalacia following operation for uretero-sigmoidostomy is now a well-described syndrome. One of the reasons for the lack of interest is that bone diseases nearly always take a very long time to develop, and it may be ten years or so before clinical signs of this can appear in their own right as the main complaint of the patient. They appear to be, and are, of less importance than the condition originally requiring surgery.
Disorders of plasma calcium level are, however, of immediate interest in several surgical situations. The level usually falls, for instance, in acute pancreatitis, in one case to tetany levels (Turner-Warwick, 1956 ). As far as I am aware this problem has not yet been studied from its metabolic aspects. Temporary, and less often permanent, hypoparathyroid tetany is well known as a consequence of neck operations. More commonly, however, the opposite complication of hypercalcemia occurs; as for instance after sudden immobilization of bones (plaster casts, poliomyelitis, &c.), especially in young people, and after adrenalectomy. Likewise there is an increasing awareness of the fact that hypercalc-emia may complicate primary and secondary bone tumours, especially if sex hormones are administered. The special importance of this hypercalcemia is that it may be severe enough to cause death: more often, however, the symptoms may be very severe but self-limiting. The nausea, anorexia, lassitude and so on will certainly not be recognized as such unless one is looking for them. Disturbances of calcium excretion in the urine are of great importance in the pathogenesis of renal stone formation. [Mr. Pyrah will deal with this subject.] The other factor shown on Fig. 1 is primary disturbances of bone formation. These often occur with very severe symptoms, presenting with a most varied and confusing symptomatology but with general health well maintained. Such patients are almost certain to be seen first by the surgeon, and it is the main point of this paper to see how it may be possible to distinguish patients with metabolic bone diseases from the other more purely orthopxdic conditions. The sorting out is exceedingly difficult; the subsequent medical investigations, diagnosis and treatment are relatively easy.
Dwarfism.-I am hesitant to suggest that this obvious feature should be more often remarked upon. However, I have recently seen several adult patients of total stature around 4 ft. 7 in., in whom their dwarfism was indeed the most important physical sign leading to the eventual diagnosis, but which had not been remarked upon previously. Moreover, hospital records (even in pediatric and orthopxdic departments) often include no details of height. I think that any case in which the expected height is 10 in. or so below normal should be considered as a possible case of bone disease until proved otherwise.
Apart from looking for obvious deformities which might have caused the dwarfism it is important to determine the body proportions to see if these are abnormal. A relatively short trunk suggests recent softening of vertebrx, especially if there is a history of loss of height or if the height is less than the span. On the other hand, relatively short legs suggest a disorder of the growing ends of the bones such as rickets or the various diseases like it. If the dwarfed patient is well proportioned and without deformity then the bone disease, if present at all, is likely to be very mild and of long duration. Certain forms of mild renal disease show in this way, as also any lifelong steatorrhcea, which is not also complicated by the more gross bone changes of osteomalacia. It is also necessary to consider all the endocrine glands. However, if these are grossly disordered the patient is likely also to have other presenting symptoms and signs which usually means that he is likely to go to a physician rather than to a surgeon.
The question of dwarfism in childhood is often a rather difficult one to be sure of in view of the great variation of growth rates. Even here, however, stature should always be plotted in doubtful cases on charts showing the normal range of variation, and also previous records of height so that this too can be plotted. Change in rate of growth is of far more significance than a constant slowed rate of growth. Almost any chronic infective or metabolic disease of childhood, if sufficiently long-lasting, will show as a slowing of the growth rate. Likewise the keeping of proper records of subsequent growth is the best measure of the adequacy of one's treatment, far better than biochemical methods of control which reflect only the immediate condition.
Pathologicalfractures.-These are exceedingly difficult to interpret if they appear to have occurred without undue trauma in otherwise normal-looking bone. We do not manage to explain the majority of these on a metabolic basis, especially if the fractures are complete and heal well. Such apparently brittle bones are occasionally due to the late presenting form of osteogenesis imperfecta, a condition which is not always very serious. Apart from the well-known sign of blue sclerotics, there is the important sign of loose ligaments such as undue mobility of the knee-joint, flat feet, dislocation, &c. If patients are over 30 years of age the presence of a high-tone deafness can sometimes be measured and is of some help: the patient may not for some years notice any change of hearing.
Incomplete fractures which are slow in healing present the problem as to whether these are fatigue fractures in normal bone, or are signs of more generalized bone disease such as the Looser zones of osteomalacia. These may be impossible to distinguish on the X-ray but fortunately we have good biochemical diagnostic measures to help us (see later).
Pathological fractures of the ribs and pelvis with excessive callus formation may be due to Cushing's syndrome whereas repeated rib fractures without callus formation and which heal fairly well are often the main complaint in idiopathic and senile osteoporosis. We are interested at the moment in the problem of fragile bones occurring in chronic liver disease and have collected data from a few cases where this was the presenting sign, the liver disease being inconspicuous at first. We have nothing to contribute on the treatment of this condition. Another unusual cause of fragile bones in adults is the rare syndrome of hypophosphatasia, of which we have had one example recently, and have had details of a further case kindly sent to us by Dr. P. Henneman (Boston, U.S.A.) . A clear case of this interesting adult syndrome was reported briefly by Macey (1940) . All the other cases so far have been in the pediatric literature (Rathbun, 1948; Sobel et al., 1953) . In children the disease has some resemblance to rickets.
Vaguely localized pain.-Nearly all our patients with bone disease have had pains of varying severity in different parts of their bodies, and if this is the only manifestation it is impossible until something else happens to diagnose such a case. We have even noted patients who were at first symptom-free but who had biochemical abnormalities pointing to osteomalacia. Even knowing this, the odd aches and pains from which they later suffered were not particularly characteristic and during their follow-up we were not convinced that they were due to the impending bone disease until we had seen them get worse and then at last treated them and noted the remarkable response to treatment.
In children the pains are almost entirely limited to the legs. In an adult, however, with generalized bone disease the commonest site for pain is in the lower back. After this it is probably most common in the hips and thighs, and in such cases it is usually bilateral and not located to the backs of the thighs but rather vaguely down the middle of the legs. After this come tenderness in the ribs and pains in the feet. If the pains are fairly generalized the ribs in particular are likely to be tender to touch. The only simple clinical investigation that is worth doing on everybody about whom one is suspicious is to measure their body proportions since the crown-to-pubis measurement in such cases due to bone disease is almost certainly 2 in. or more shorter than from pubis-to-heel. Further investigations would then be justified if this is found. Most of our patients before reaching us have been variously diagnosed and treated for slipped intervertebral disc, arthritis, tuberculous hip, or ankylosing spondylitis, and, of course, psychoneurosis.
As nearly all of the bone diseases that present in this way are progressive some further physical signs are likely to appear before long that would make correct diagnosis more easy. In some cases, however, this has not been achieved till after symptoms had been present for as much as ten years, but in these it has always been possible in retrospect to discover some physical signs-such as a loss of stature, a Looser zone on an X-ray, a complaint of muscular weakness or a gait abnormality-which had appeared much earlier but had been ignored.
Muscular weakness.-It is a very curious feature, hardly stressed in the literature, that there is nearly always a varying degree of muscular weakness present with metabolic bone disease, especially osteomalacia. At times this may not be apparent on examination and may only take the form of a complaint by the patient that he is too easily tired or feels a weakness in his thighs which makes it difficult for him to go upstairs. In other cases this may be much more generalized and readily apparent as a gross hypotonia. We have known rarer cases when the weakness was so severe that the patient could only lie on his back; complete raising of arms and legs off the bed was impossible and even the head, could not be raised off the pillow. Often this weakness is associated with the more severe forms of osteomalacia when bone pain is conspicuous and it is easy to imagine that it is a reflex due to the increased pain which comes on movement. This, however, is probably not the correct explanation since the degree of muscular weakness does not appear to be related at all closely to the amount of pain. In one or two cases excessive weakness in the absence of pain had led to a first diagnosis of muscular dystrophy. The muscular weakness disappears as if by magic when the osteomalacia is adequately treated.
Muscular weakness and hypotonia is a well-known concomitant of hyperparathyroidism.
In these cases presumably it is due to the hypercalcaemia since it is common to hypercalcaemia of any origin.
Gait abnormality.-The only important one of these is the waddling gait which is exactly the same as may occur in many surgical diseases. It may be associated with a coxa vara of the hip in a case of osteomalacia, but that it is not due to this entirely can be readily seen, for it often disappears largely on treatment and may sometimes appear as the first sign, before any radiologically detectable bone deformities have occurred. It may also occur without any pain, and in one of our patients, whom we had under close observation as we thought for biochemical reasons (there were no signs or symptoms) that he was probably in course of developing an osteomalacia, the waddling gait appeared-and was soon very marked-three months before any other manifestations, radiological or symptomatic. This waddling gait disappears rapidly in such cases when the patient is treated, and we presume that it is a manifestation of muscular weakness of the glutei muscles.
These patients may also have difficulty in rising from the sitting position just as in a case of muscular dystrophy. They may also complain of a feeling of stiffness around the hips and other joints which is much worse after they have been resting for some time but works off a little on moving about. This situation was well noted by Milkman (1930) in his first description of the syndrome often known by his name.
Osteoclastomata.-These have been often stressed as being the presenting signs in some cases of hyperparathyroidism. They most frequently occur in the jaw, but may in fact occur almost anywhere. Clearly, however, every such case should be considered as being possibly due to hyperparathyroidism before undertaking any drastic surgical treatment. I have been unable to find figures for the proportion of these, especially of the jaw tumours, which are due to hyperparathyroidism, and the proportion of unknown origin. There is a revealing statement in Thoma (1944) , where it states of a patient with an osteoclastoma in his jaw "the blood chemistry was normal, Calcium 11 5 mg./O00 ml., Phosphorus 1 9 ml./l00 ml., Phosphatase 1 Bodansky unit".
Slipped epiphyses.-Renal rickets presenting as bilateral slipped epiphyses of the femoral heads is well described in the literature, and I have records of one such case. This should not be difficult to distinguish from other causes producing the same radiological appearance since the patient is almost certain to be dwarfed and to have proteinuria. Other signs of renal failure will be found on further investigation.
Decayed teeth.-In hypophosphatasia a gross disorder of tooth formation occurs. The milk teeth decay and drop out prematurely, likewise the permanent teeth cause a great deal of trouble and are likely to have been extracted or lost by the early twenties. Ufnfortunately in the present state of our ignorance this is the only metabolic bone disease in which the study of the teeth is of great help in diagnosis. Decayed teeth, late to erupt and with poor root development, occur in chronic hypoparathyroidism, but this is not strictly a bone disease.
Heredity.-It is of great help in diagnosis if a patient with suspected bone disease has a close relative similarly affected, since very many of these diseases are now known to run in families according to known rules of inheritance. The hereditary forms of rickets and osteomalacia have been reviewed (Dent and Harris, 1956) . A disease can still be hereditary even if it does not present with clinical signs till later in life; it need not be there from birth. The fact that a disease is hereditary is irrelevant to the question of treatment as there is excellent treatment for some hereditary diseases.
Renal pain and other symptoms.-Renal colic, with or without demonstrable stone but associated with, and indeed caused by, a hypercalciuria, is commonly the presenting sign in any rapidly progressive form of bone disease. The calcium lost from bone by any process of bone dissolution (neoplastic or metabolic) is mainly excreted into the urine. The urine calcium output, which is readily determined, may be a good measure of the rate of bone tSome of these cases are also associated with other signs of renal tubule dysfunction such as renal glycosuria, renal aminoaciduria, hyperpotassuria and pitressin-resistant diabetes insipidus. The acidotic cases also show defective urinary acidification and often defective ammonia formation. +Note that occasionally low bicarbonate levels occur in cases which have no acidosis as measured by urine Ca output or other means. We are investigating this curious phenomenon. §If renal failure occurs these figures will 1. pproach those characteristic of secondary hyperparathyroidism.
dissolution and changes in it may therefore be a measure of the efficacy of treatment. Note, however, from Table I 
the various other causes of hypercalciuria (and of consequent stone formation).
Instead of the symptoms due to stone or gravel formation, the patient may complain of symptoms due to the chronic renal damage resulting from a long-standing hypercalciuriathirst, polyuria, nocturia, &c. In cases of very rapid bone dissolution a marked hypercalcxmia may develop and produce its own symptomatology-anorexia, lassitude in milder cases, with vomiting, abdominal pain, thirst and dysuria if more severe.
Preliminary sorting methods for patients suspected on clinical grounds of having metabolic bone diseases.-Fortunately, once a metabolic abnormality has been detected the further investigation and diagnosis is relatively easy, even if rather time-consuming. One needs, however, a further battery of routine tests to apply to any patient who is under suspicion on clinical grounds. Here radiology becomes of great importance. This has been briefly reviewed already (Dent and Hodson, 1954) . If the X-rays uphold the suspicion then the biochemical determinations must be done, as shown in Table III . A provisional diagnosis can then be made which can be checked by further appropriate investigations and a final review of the clinical data [see also Albright and Reifenstein (1948) and some reviews].
Mr. L. N. Pyrah (Department of Urology, University of Leeds, Leeds General Infirmary and St. James' Hospital, Leeds) [Abridged]: In this paper I shall consider some of the conditions in which calcium salts (the commonest constituent of urinary calculi and of intra-renal calcific deposits) are deposited in the renal parenchyma and the renal passages. In two-thirds of all the calcium-containing stones we do not understand the cause; in one-third of such calculi and in most cases of nephrocalcinosis we know something of the mechanisms of their causation.
We found that if normal kidneys were microscoped after autopsy in patients in whom there had been no intrinsic renal disease nor any metabolic cause of renal calcification, small calcific foci were present in 21 % of 103 pairs of kidneys examined; these small foci were found almost exclusively round the upper collecting tubules or within the tubular lumina and they probably represent past minor pathological incidents of a vascular or infective character.
Urinary calcium oiutput.-We have compared the range of calcium excreted in twenty-four hours in the urine, in 162 patients having renal calculi, and taking a normal diet, with the same number of non-calculous patients also on a normal diet (Fig. 1) . The normal range of urinary calcium varies widely; comparison of the two groups of patients shows that the calcium excretion of patients with renal stone covers a wider range than that in normal people. Some patients with renal calculus had a high urinary output of calcium and some had a low output. 13 patients in the group had a urinary calcium output below 50 mg. per twenty-four hours; 7 of these 13 patients had only one kidney which was functioning; 2 had bilateral hydronephrosis and 4 had relatively normal function. The findings suggest that the low urinary calcium is often the result of poor renal function, the calcium not being filtered in normal amounts through the glomeruli. It is possible that in some of these cases with bad renal function, because of the low urinary calcium content, the stone-forming process comes to an end. If calculi are removed in cases with very bad renal function, recurrence does not necessarily take place, even when on other grounds it might be expected to do so (Pyrah and Raper, 1955) .
We regard 350 mg. of calcium per twenty-four hours (the patient being on an ordinary diet), as the upper limit of normal and patients having higher values than this are given a low calcium diet (150 to 200 mg. calcium daily) for six days for special study, twenty-fourhour specimens of urine being collected for urine calcium estimations during the last three days; on this regime in some cases the urinary calcium remains high, in others it falls to normal. Within this group, patients have been found with adenoma of the parathyroid and also cases of renal acidosis with nephrocalcinosis or stone, but it is still not possible to classify some of them; for the present we regard them as cases of idiopathic hypercalciuria. Recumbency stones. During enforced recumbency for the treatment of fractured spine or pelvis, tuberculosis of the spine or hip and other conditions, it has been shown that there is a greatly increased output of calcium into the urine, which is probably temporary.
The more complete the immobilization, the greater the amount of calcium excretion; a peak in the output curve of calcium is reached in four to five weeks during simple recumbency but in one to two weeks when there is a fracture. The serum calcium rises very slightly or not at all, except in children and in patients with Paget's disease. If in such patients the urine becomes highly concentrated and alkaline in reaction, calcium phosphate may be precipitated in the renal calyces and since, in the recumbent patient the urinary stream flows upxx ards from the renal calyces and pelvis (which are low) to the bladder, as illustrated by a lateral pyelogram (Fig. 2) , crystalline material may clump together to produce the simplest type of recumbency stone, namely the so-called mud stone of pure calcium phosphate. If there is an associated urinary infection, as often occurs in women, the more solid mixed phosphate and oxalate calculus bound together by colloid may be formed. While the recumbency stone still consists of a muddy mass of pure calcium phosphate, if the patient is turned frequently, given massage and movement to unsplinted limbs, and given abundant fluids and also a mixed diet to ensure that the urine has a slightly acid reaction, the stones may disintegrate and disappear; mobilization arrests the calcium loss and the stones do not recur. Recumbency calculi are still common, having accounted for 30 of 600 cases in our departmental series of renal calculi; with careful treatment they should be largely prevented. Although first recognized as a skeletal disease, sometimes with accompanying renal calculi, it is now known that cases having skeletal changes alone are the least common and cases having renal calculi alone are the most common manifestation of hyperparathyroidism; this change of emphasis in examples of this disease discovered by clinicians has been especially noticed in cases published in the last eight years. In a review of all cases published in the world literature by Norris to 1947, 314 cases in all, 191 cases had skeletal changes alone, 101 had skeletal changes with renal calculi or nephrocalcinosis and in only 17 cases had hyperparathyroidism been recognized with renal stones as its sole clinical manifestation, skeletal changes being absent. By contrast, series of cases published since 1947 (Table I) show that a growing proportion (in 'some series more than half) have been diagnosed because of renal stones alone, skeletal changes being absent; these cases have been diagnosed by careful biochemical screening of cases of calcium-containing renal calculi or of nephrocalcinosis attending urological clinics. Our own series in Leeds has consisted of 35 cases of hyperparathyroidism seen over a period of twenty-one years; 4 of these cases were autopsy cases and were not operated on because they reached hospital very late or in extremis, while 31 cases were operated on; the proportion of cases in the series having skeletal changes, calculi and nephrocalcinosis is shown in Table II. In the last two years 16 cases of hyperparathyroidism have been operated on and of these 12 had renal calculi, 8 with no skeletal changes (Table II) . The renal changes in hyperparathyroidism most easily recognized are calculus formation and nephrocalcinosis. In cases with skeletal changes soft, often bilateral, phosphatic calculi may be deposited as a cast of the renal pelvis and/or of some of the calyces, and these may disappear within a few weeks of the removal of the parathyroid adenoma, if the patient is mobilized and given copious fluids, a mixed diet and ammonium chloride, to render the urine slightly acid. Another example of calcification is diffuse nephrocalcinosis (Fig. 3) which occurs in the renal pyramids and later in the medulla; in the early stages the radiograph may show the kidneys stippled with fine calcific deposits widely dispersed through the renal parenchyma or as a cluster of tiny calculi round one or more calyces. Nephrocalcinosis does not in my experience disappear after the removal of the parathyroid adenoma, the renal changes probably being irreparable. Most deceptive for the surgeon and indeed the ones which are still being missed, are the renal calculi in the hyperparathyroid patient which do not differ radiologically from the common idiopathic calyceal stone (Fig. 4) .
Recurrence of the renal stone after operative removal must be expected in cases of hyperparathyroidism if the adenoma is not dealt with. The other more insidious change in the kidney resulting from the hypercalcemia and the hypercalciuria is the nephrosclerosis accompanied by a lesser or greater degree of microscopic parench , mal calcification through- calculi; the patient had no skeletal changes but a parathyroid adenoma was subsequently removed.
FIG. 5.-Calcification and sclerosis in the kidney of a patient with hyperparathyroidism. out the -kidney (Fig. 5) , and this is not necessarily corrected after the adenoma has been removed. There may be widespread destruction of individual nephrons with deposition of calcium salts in the cells of the renal tubules, later the cell bodies may be destroyed and extruded into the tubular lumen, with the formation of calcium casts. Following on these widespread changes, clinical hypertension may develop and has been found in a number of my cases. The 4 cases in my series admitted to hospital in extremis were known to have suffered from hypertension and, in fact, died from uriemia or anuria. The patient with a renal stone resulting from a parathyroid adenoma, has less chance of normal health and even of survival than has the patient with the idiopathic renal stone; it is important therefore that a possible diagnosis of hyperparathyroidism should be considered in every case of calcium-containing renal stone.
The diagnosis of most of the cases of hyperparathyroidism in the series, especially those with skeletal changes, has been comparatively easy and at operation the tumour in the neck has been sufficiently large to make its discovery at operation not difficult. In cases having renal stones alone not only may the diagnosis be difficult, because we are often dealing with small deviations from the normal levels of serum calcium and plasma phosphorus, but the tumour in the neck may be very small, necessitating a long search at operation, moreover the tumour may lie deep in the anterior mediastinum.
The serum calcium level is the most important single biochemical examination. Consistently high readings of 12 to 17 mg. % will make the diagnosis easy; such high levels in my series have usually occurred in cases having skeletal changes with or without renal stones. In some cases with renal stones alone, the serum calcium levels may lie between 11 and 12 mg. %. The biochemist who carries out the examination must be able to achieve results which are not only consistent but of such accuracy that readings of serum calcium above the top normal figure for his laboratory (in our case 11*0 mg. %) must be suspect. Repeated readings on different days exceeding 11 0 mg. % are then very suggestive of hyperparathyroidism. In Black's series (1953) of 112 cases of hyperparathyroidism, he reported 8 of 108 cases with serum calcium levels of 10 5 to 10.9 mg. % and 56 of 108 cases with serum calcium levels of 10 5 to 12 4 mg.%, the top normal reading for his laboratory is 10 6 mg. %. If kidney function is reasonably good, as indicated by a normal blood urea examination, the normal plasma phosphorus is 3 f5 to 5 mg.%. A plasma phosphorus between 1 5 and 3 5 mg. % when taken in conjunction with a raised serum calcium, is suggestive of hyperparathyroidism. The serum alkaline phosphatase is high in skeletal cases and normal in cases having renal stones alone; if it is slightly raised a careful radiological examination of the bony skeleton must be made and the three sites to be first examined are the skull, which may show a ground-glass appearance from early decalcification, the middle phalanges which may show the lace-like pattern due to subperiosteal resorption and the tooth sockets which may show an absent lamina dura.
The patient is then given a low calcium diet of 125 to 150 mg. of calcium daily for six days and the urinary calcium is estimated during the last three days of this period. A daily average output of less than 150 mg. of calcium is normal, 150 to 200 mg. is suspicious of hyperparathyroidism and 200 mg. or more strongly supports such a diagnosis. Impaired renal function as judged by a lack of concentrating power and a consequent low specific gravity of the urine using the water concentration test, supports along with the other factors mentioned, a diagnosis of hyperparathyroidism; the blood urea may be raised.
Gastric conditions.-Patients having peptic ulceration of the stomach or duodenum may suffer from renal damage with calcification either resulting from complications of their ulcer or because of errors in treatment.
Consequent upon severe pyloric stenosis with intractable vomiting, followed by hypochlorxmic alkalosis and death in coma, the kidneys usually show well-marked tubular degeneration and calcification, usually in the distal convoluted tubules and the loop of Henle, and there may be calcified intra-tubular casts; this form of renal calcification is partly dystrophic and partly on account of the alkalosis which favours the precipitation of calcium phosphate. Excessive and prolonged doses of alkali, such as were often given in the Sippy regime, may cause temporary impairment of renal function with drowsiness or coma; in the few fatal cases reported, the kidneys have sometimes shown tubular changes including calcification. In milk-drinker's syndrome, the high intake of milk, often amounting to two or three quarts a day especially when taken together with alkalis to relieve ulcer pain, may produce gross nephrocalcinosis with renal failure and hypercalcemia without hypercalciuria; the plasma phosphorus may be normal or high. Widespread calcification may develop in the subcutaneous tissues, especially around the joints and in the pulp of the fingers.
If the renal calcification which occurs in the above gastric conditions or during the course of their treatment has anything to do with stone formation, it may be expected that patients with peptic ulcer would have a higher incidence of renal calculi than normal individuals. A group of patients with stone and a group of patients with ulcer have been questioned and there is evidence to suggest that there is a relationship between the two conditions (Table II1 ). (Urological Department, Bradford Royal Infirmary) [Precis]:
The following observations were made following the performance of 152 operations of partial nephrectomy carried out over a period of sixteen years on 144 patients suffering from primary renal stone (Stewart, 1952 (Stewart, , 1953 (Stewart, , 1955 . Infected and non-infected cases were included. 139 of the kidneys operated upon were X-rayed in a follow-up examination; the remaining cases could not be traced or had died from other causes. There was a recurrence rate of 79 % but in my opinion this figure could be considerably reduced now that I know more about the basic principles involved in the treatment of renal stone.
The majority of renal calculi form in the lower pole of a kidney-73 % in the lower pole alone. If several segments are stone-forming, then in over 80% of these kidneys stones are formed in the lower pole as well as in other parts.
In over 25 % of the cases the kidneys operated upon had formed stones repeatedly prior to the operation and 5 out of the 11 recurrent cases recorded came from this group. Males suffer from primary renal stone more frequently than females-96 % as against 560%.
A study of the recurrent cases revealed that in all but one the recurrence was in the lower pole and was located in a minor calyx or in, the truncated major calyx which had not been removed at the time of the partial nephrectomy. It thus appears that if a recurrence of a primary calculus is to be prevented then the major calyx with all its associated minor calyces must be removed in a lower polar partial nephrectomy, a segmental resection thus being performed. The removal of a minor calyx alone is insufficient to prevent recurrence. In the upper pole the risk of recurrence after removal of a minor calyx alone is much less than in the lower pole. If conservation of renal tissue is essential then an incomplete upper polar partial nephrectomy (calycectomy) is justifiable.
The lymphatic theory of origin of renal stone expounded by my colleague Dr. Carr of Bradford (Carr, 1954) explained facts which I have observed by practical experience and in the follow-up of cases.
Suggested Classification of Renal Stone
A. Primary stones.-These stones originate in the renal cortex. It is wise at this stage of our knowledge to classify primary stones from the etiological point of view into two groups. It is not unlikely that the fundamental explanation of both groups may lie in the lymphatic theory of causation:
(i) Randall's stones-these form on calcified plaques on renal papillk.
(ii) Carr's stones-stones with one or more nuclei; these nuclei are calcium concretions which collect in forniceal pouches and may form one large stone or multiple small ones. Occurrence of these stones which may have multiple spherical bodies as a nucleus has been confirmed by Prien (1955) who concurs that Randall's theory (1937) cannot explain them.
The origin of both types of primary stone is in the renal tissue. They form on a segmental or, in the upper pole, possibly on a partial segmental basis. If a metabolic disease is present, then usually all segments are involved and the disease tends to be bilateral.
B. Secondary stones.-These stones originate initially in the pelvi-calyceal system itself, and are associated with infection, stasis, obstruction (which may be due to a primary stone), recumbency, or vitamin deficiency.
Treatment of primary renal stone.-The presence of a primary stone in the urinary tract is a symptom of a disease and removal of the calculus alone may therefore be insufficient to cure the patient and prevent recurrence. In a small percentage of cases the disease may be one of metabolism or of the renal tubules themselves, and in these cases, although surgical treatment may be necessary to deal with emergencies, the main effort Qf the surgeon should be directed to a cure of the general disorders.
As a rule, however, the primary lesion is in the kidney itself, and very often only a single segment is pathological and stone-forming.
Stones in the lower pole should be treated by complete removal of the lower pole, a segmental resection being performed. If a stone is also present in the middle calyx, or "concretions" are seen in direct relationship to this calyx, then this portion of the kidney should also be removed in addition to the upper or lower pole. Stones in the upper pole should be treated by removal of all the minor calyces of the upper pole unless it is absolutely essential that the maximum amount of functioning renal tissue should be preserved, in which case the removal of the involved calyx alone is justifiable.
Treattnent ofprimary uretero-pelvic calculi.-In addition to removal of the calculus from the uretero-pelvic system, a partial nephrectomy should be performed if clinical radiographs or X-rays of the exposed kidney revealed definite proof of their origin. The stone-forming pathological segment should be resected.
The importance of high quality X-rays and pyelograms taken of the kidney exposed at operation cannot be over-stressed. The final decision as to the best operative procedure can only be reached after a study of these X-rays.
Although stones do result from disordered calcium metabolism, I do not believe that this is the common cause. If it were, then the results of partial nephrectomy should have been very poor as the underlying cause would not have been removed by this operation, but the follow-t-p of cases over a period of sixteen years following partial nephrectomy has shown very satisfactory results. REFERENCES CARR, R. J. (1954) Brit. J. Urol., 26, 105. PRtEN, E. L. (1955 ) J. Urol., 73, 627. RANDALL, A. (1937 Ann. Surg., 105, 1009 105, . STEWART, H. H. (1952 Arn. R. Coll. Surg. Engl., 11, 32. -(1953) In: Modern Trends in Urology. Edited by E. W. Riches. London; p. 80. (1955) Brit. J. Urol., 27, 352. Dr. D. N. Baron (Royal Free Hospital, London):
Ti eatment of Acute Hypercalckmia with a Chelating Agent A serious comrplication of the treatment by androgens of malignant deposits in bone is a rapid onset of hypercalcxemia with renal failure and a high blood urea, which may occur even if the deposits themselves had not affected the serum calcium level. Until recently the only treatment available for the hypercalcxmia was cessation of the androgen therapy, when the biochemical abnormalities very slowly returned to normal.
Ethylene-diamine-tetra-acetic acid (EDTA, edetic acid) and its derivatives can be ussed, as chelating agents, to remove certain metals from the body, and are principally valuable in the treatm-ent of lead poisoning. When used for the treatment of chronic hypercalcemia (for example due to carcinomatosis or multiple myeloma) EDTA produces only a temporary remission as the cause of the hypercalcamia persists, and hypercalcamia returns when treatment is stopped; prolonged use of the drug may cause renal tubular damage and other toxic manifestations (Holland et al., 1953; Dudley et al., 1955; Spencer et al., 1956) . Dudley et al. (1955) also treated, without marked success, a case of acute hypercalcemia due to hypervitaminosis D.
The apparently successful use of a chelating agent in the treatment of acute hypercalcaemia due to androgen therapy is shown in the following case repcrt. 1. -Eflfect of tan intravenous infusion of di-sodium sodium versenate) in 500 ml. 5 % ethylene diamne tetra-ac'tate on the hypercalcaemia resulting glucose, administered over three from testosterone therapy of metastatic carcinoma of the breast. hours. (Admitted July 24, 1955.) The serum calcium level (measured by the oxalate precipitation method) fell immediately, as shown in Fig. 1 , and stayed within normal limits for the remainder of her stay in hospital. The symptoms due to hypercalcemia abated and did not return. Unfortunately it was not possible to perform balance studies.
I would like to thank Mr. E. J. IRadley-Smith for permission to quote the clinical details, Dr. C. E. Dent for his advice, and Mr. J. W. Hadgraft for preparing the versenate solution.
